Abstract. In this paper, receiver operating characteristics (ROC) of Bayesian linear model (BLM) detector in amplify and forward (AF) relays network is investigated. Cooperative communication with relay strategy is considered in this paper for its role of mitigating channel impairments such as multipath fading effects, shadowing, etc. Even though, the problem of channel impairments can be addressed, signal detection is still needed at the receiver for recovering the original transmitted signal from noise and other interference signals. Therefore, BLM detector is proposed for the sake of improving the signal detection performance at the receiver and to reduce the implementation complexity of the system. Performance analysis of the considered system is analyzed in terms of ROC (probability of detection against the probability of false alarm). Simulation results showed that the proposed method is effective and can improve the detection performance in AF based multiple relays networks.
System Model
The network model considered in this paper comprises of single fixed source (S), multiple relays (R i ) and single destination (D), and all nodes are equipped with single antenna as illustrated in Figure 1 . We consider that the transmission is done in two phases: In the first phase, the source broadcasts the signal to all relays and destination. The received signals from the source are described as follows:
In the second phase, the source is silent and relays amplify the received signal from the source only and forward it to the destination. We assume that relays do not provide additional traffic on the transmitted signal and the transmission is done in half duplex mode. indicates the column matrix of the transmitted signal and w indicates the column matrix of the received noise at the destination.
Performance Analysis
The detection performance analysis of our model is measured in terms of receiver operating characteristic (ROC).
Detection Performance Analysis in Non Fading Environment
In non fading environment, the decision problem on the presence and absence of the signal is governed by the following two hypotheses [12]; 1 0 : :
Hs w . (6) The received signal may be the noise only or absence of the signal which corresponds to the hypothesis 0 H . Otherwise, the received signal may be a combination of the transmitted signal and the noise which corresponds to the hypothesis 1 H that indicates the presence of the signal. In case of Bayesian linear model, the probabilities of density function of (7) are given respectively as follows: N  I and is independent of s . The theoretical results of probability of false alarm and probability of detection in non fading environment are given in [7] [8] [9] [10] [11] as follows: 
BLM Detection Performance Analysis in Fading Environment
In this case, BLM detector is based on computing test statistic by using the following expression [14] : (11) can be defined as the total signal energy received at the receiver due to the combination of signal energies from the links of the source & destination and relays & destination nodes. In order to decide about the presence or absence of the signal, the test statistic is compared with the predetermined threshold ''  . In equation (11) , the covariance matrix H , otherwise, the receiver decides the absence of the signal according to the hypothesis 0 H . Therefore, the probability of detection is ' 1
When the receiver decides the presence of the signal whereas there is not, in this case we have the probability of false alarm as:
Another case is when the receiver decides the absence of the signal whereas there is; in this case we have the probability of missed detection as:
The relation between the probability of detection and the probability of missed detection is: 1 md PP  . In this scheme, the signal energy is detected for each link, combined and then compared with the predetermined threshold. The receiver detector can be considered as an optimal non-coherent multipath combiner [14] .
Simulation and Results Analysis
In this paper, simulation results are presented in order to evaluate the detection performance of BLM method in cooperative multiple relays network. Two scenarios are considered in this paper; the first scenario evaluates the effect of number of relays on ROCs, the second scenario evaluates the effect of distance between nodes on ROCs. At the source the transmitted signal is generated by the source and modulated with quadrature phase shift keying (QPSK). In Figure 3 the results show that the d P in cooperation mode is greater than the one in non cooperation mode and it improves when the number of relay increases. In Figure 4 , the results show that the 
Conclusion
In this work, we have conducted a study on ROCs of BLM detector in AF relays based cooperative wireless networks when multipath propagation environment is considered. The simulation and results analysis showed that BLM detector is feasible and can provide an improved detection performance in the system. The difference made in this work is that, our proposed methods can be applied practically in wireless communication networks in case the receiver knows the channel state information (CSI) of the system, whereas the reference work in [11] is a study done with the purpose to obtain the theoretical optimum achievable energy detection. BLM detector can be applied in the current or next generation wireless networks and particularly where cooperative multiple relays network is applicable.
